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Plan for Integrated Modelling Project 3:

transport code and discharge evolution
Objective:

To provide the computational basis for a modular transport code, taking account of the core, the pedestal and the scrape-off layer. Ultimately, to enable the simulation of complete tokamak scenarios, eg for ITER.

Scope:

The intention is to adopt a modular approach to the construction of a transport code. The modules may be adapted from parts of existing transport codes, or new ones could be developed. This project would design both the overall framework (platform) for the transport code (with input from the work of Area 2) and the individual physics modules, which the user could “plug into” the platform. These modules would be continually updated and extended as improved physics models or more efficient algorithms are developed. The model development will be performed in collaboration with the teams working in the other Integrated Modelling Projects (IMPs). The emphasis in those projects will be on developing a detailed understanding of specific plasma physics phenomena, often through the development of computationally intensive codes. The emphasis in this project, on the other hand, will be to decide and implement appropriate compromises between efficiency (speed) and accuracy, and to quantify the impact of any approximations made, in order to provide modules that can usefully be employed in a transport code.

The modules should include all issues of relevance to the simulation of tokamak discharge evolution, including: the core plasma transport and stability; the scrape-off layer plasma transport and stability, plasma control issues, sources, sinks and plasma-wall interactions. The ultimate aim would be to have a complete set of modules to enable the simulation of a full discharge (ie a “tokamak simulator”).

Project structure:

Each project is composed of a number of separate, but often interacting, topical areas. The work in this project is divided into three Topics:

3a: Core transport

3b:SOL/edge transport 

3c: Integrated discharge evolution

The project plan describes the work that will be performed within each of these three Topics.

Work Plan for Topic 3a:

core transport
Introduction:

This topical area will address all the issues associated with the core transport modules. These would be constructed based on the physics studies being performed in the other projects. In those projects, the emphasis will largely be on developing a detailed understanding of the processes that are involved in specific phenomena. However, in many situations, the models will be too computationally intensive to provide useful (ie fast) modules for a transport code. Thus, a large fraction of the work for this topic will be to develop and benchmark simplified models for the core plasma physics processes. These should include: an appropriate transport equation solver; particle, heat and momentum sources; transport coefficients; current drive; equilibrium; stability criteria, etc. The transport equations should evolve heat, density (including impurities) and momentum. Options for non-diffusive transport (including pinches) should be explored.

There are a number of well-developed core transport models available in the community, and many of the required modules could be taken, or adapted from these, if appropriate. 

The Tasks:

A number of tasks have been identified, as detailed below. The purpose of these tasks is to provide convenient packages of work, which have near or mid-term objectives. These tasks then feed into the project as a whole.

(i) Equilibrium

With input from Topic 1b, identify and develop the necessary equilibrium modules suitable for incorporation into the transport code

(ii) Transport equation solvers

· One could envisage a need for two types of transport equation solvers:
1) Those that evolve flux-surface averaged quantities
2) Those that evolve the full 2D spatial structure of quantities
This task should assess the need for a 2D solver.

· Provide the necessary modules to evolve the temperature and density of the plasma species (including impurities), consistent with the magnetic field and current profile evolution. Modelling of the plasma flow evolution will also be important for some applications. Flexibility to incorporate non-diffusive transport should be provided.
(iii) Sources and sinks

· A range of modules for the various sources will be required, including:

· Heat sources from auxiliary heating schemes
· Density sources from pellets, gas fuelling, NBI, etc
· Current drive
· Momentum
· Modules for sinks should include radiation and dissipation of the plasma flow.
(iv) Internal transport barrier modelling

Models for the generation of ITBs should be incorporated to permit the self-consistent study of the interaction between current drive profile, heating profile, flow profile and the sustainment or position of the transport barrier.

(v) MHD phenomena

· The effect of MHD phenomena on tokamak evolution should be included, with modules to describe sawteeth and NTMs (these may require a 2-D description: see Task (ii)).
· The modules should include both a trigger criterion and a model for the impact of the MHD on the tokamak plasma performance (or transport properties).
Work Plan for Topic 3b:

SOL/Edge Transport
Introduction:

The core transport modelling typically takes boundary conditions at the top of the pedestal. These boundary conditions should be determined by transport modelling of the pedestal and scrape-off layer regions. In addition, modelling of these regions is important to determine the exhaust characteristics of the tokamak and, in particular, what the steady state heat load on the divertor target plates would be. The purpose of this Topic is to address these issues.

The scrape-off layer plasma differs from the core plasma as the field lines are open, connecting to the target plates, and this requires a full 2-D (spatial) analysis. Flows and particle drifts play an important role in the scrape-off layer, and these must be incorporated into the model. 

The pedestal region can be thought of as the transition region between the core plasma and the scrape-off layer (for example a transition from 2-D in the SOL to 1-D in the core, or the transition from open to closed magnetic surfaces). This transition region will need special attention.

There are a number of well-developed SOL transport models available in the community, and many of the required modules could be taken, or adapted from these, if appropriate. 

The Tasks:

A number of tasks have been identified, as detailed below. The purpose of these tasks is to provide convenient packages of work, which have near or mid-term objectives. These tasks then feed into the project as a whole.

(i) Equilibrium magnetic geometry

Provide the necessary modules to determine the equilibrium magnetic geometry for given plasma density, temperature and current distributions (which will be 2-D in general)

(ii) Transport processes

Provide modules to calculate the transport processes along and perpendicular to the magnetic field lines. These should include:

· Neoclassical diffusion coefficients in relevant collisionality regimes
· Turbulent diffusion coefficients across the flux surfaces
· Non-diffusive transport processes (eg avalanche processes or “blobby” transport)
· Drifts
· Modules to describe the evolution of the plasma parameters (pressure, current, flow, etc)
· Boundary conditions
(iii) Sources and sinks
· A comprehensive radiation package should be provided
· Particle sources should be addressed
· The heat flux from the core should be modelled, including the possibility of localised, transient heat loss, which may arise from ELMs, for example.
· Momentum sources and sinks may be required
(iv) Plasma-wall interactions

This is a key area which should develop all issues related to plasma-wall interactions, including:

· Erosion

· Dust formation

· Tritium retention

· Boundary conditions

(v) Stability

· Modules to assess the stability of the SOL plasma may be desirable (eg temperature-gradient driven modes)
· A module to assess the MHD stability of the pedestal region would be useful for incorporating an ELM model
(vi) Benchmark Models
· Benchmark output from modules both against experimental data and against more complete models.

Propose experiments to provide rigorous benchmarking

Work Plan for Topic 3C:

Integrated discharge evolution
Introduction:

The ultimate aim of this project is to provide a capability for fully integrated simulations of tokamak discharges. Topics 3a and 3b provide modules for various physics elements associated with the core and edge plasmas respectively. The objective of this Topic 3c is to provide the code platform into which these modules can be “plugged”. There is, therefore, a large overlap with the work of Area 2. To complete the integration of all systems, it will also be necessary to develop the modules required to simulate the plasma control system.

The code platform must be flexible and allow different degrees of integration according to a user’s needs. Thus, at the lowest level, the platform should accept and integrate all the modules to allow either core or edge plasma modelling. A higher level of integration must also be possible, permitting integration of the core and edge routines. Finally, to permit full discharge simulation, the platform must also have the capability to model plasma control and feedback systems to provide a full “tokamak simulator”. Options to work in either predictive or interpretative modes will be important.

The Tasks:

A number of tasks have been identified, as detailed below. The purpose of these tasks is to provide convenient packages of work, which have near or mid-term objectives. These tasks then feed into the project as a whole.

(i) Develop the formalism to provide the integration between the core and edge plasma regions
· Identify how to couple the core plasma (closed flux surface, 1-D spatial structure) to the scrape-off layer plasma (open flux surfaces, 2-D spatial structure) through the pedestal region.
· Incorporate models for the L-H transition to generate the pedestal, as they are developed (eg through IMP4)
· Link to stability models for the pedestal region to model the impact of ELMs on core confinement and transient exhaust heat loads in a self-consistent manner.
(ii) Provide the modules necessary to simulate the tokamak plasma control system

Together with the transport modules developed in Topics 3a and 3b, this will provide a full set of modules to allow full discharge scenario simulation.
(iii) Provide the tokamak simulation code platform

· The platform will need to be developed with input from Area 2. 
· It must be sufficiently flexible to accommodate all the modules that are generated within this IMP (and the other ones). 
· The capability to provide an arbitrary level of integration is required, limited by the choice of modules linked by the user.
Mid-term Project Plan: Transport Code and Discharge Evolution

TASK
Q1/05
Q2/05
Q3/05
Q4/05
2006
2007
2008

Topic 3a: Core Transport








(i) Equilibrium
0.2


0.2, W
0.2, W
0.2, W




(ii) Transport equation solvers
0.5


0.5
1.0, W, C

3a(ii)1-3
2.0, W, C

3a(ii)1-3
2.0, W, C

3a(ii)1-3
2.0, W, C

3a(ii)1,3
2.0, W, C

3a(ii)1,3

(iii) Sources and sinks
1.0, W


1.0, W
1.0, W
1.0, W
1.0, W
1.0, W


(iv) Internal transport barrier modelling


0.5, W
0.5, W
0.5, W
1.0, W


(v) MHD phenomena




1.0, W,C


1.0, W,C
1.0 W,C










Topic 3b: SOL/Edge Transport 








(i) Equilibrium magnetic geometry
0.2


0.2, W
0.2, W
0.2, W




(ii) Transport processes
0.5


0.5
2.0, W,C

3b(ii)1-5, 3a(ii)3
2.0, W,C

3b(ii)1-5

3a(ii)3
2.0, W,C

3b(ii)1-5

3a(ii)3
2.0, W,C

3b(ii)1-5

3a(ii)3
2.0, W,C

3b(ii)1-5

3a(ii)3

(iii) Sources and sinks
1.0, W

3b(iii)1


1.0, W

3b(iii)1
1.0, W

3b(iii)1
1.0, W

3b(iii)1
1.0, W

3b(iii)1
1.0, W

3b(iii)1


(iv) Plasma-wall interactions
0.2, W

3b(iv)1,2
0.5, W

3b(iv)1,2
1.0, W

3b(iv)1,2
2.0, W

3b(iv)1,2
2.0, W

3b(iv)1,2
2.0, W

3b(iv)1,2
2.0, W

3b(iv)1,2

(v) Stability
0.1, W,C

3b(v)1
0.1, W,C

3b(v)1
0.1, W,C

3b(v)1
0.1, W,C

3b(v)1
0.5, W,C

3b(v)1
0.5, W,C

3b(v)1
0.5, W,C

3b(v)1

(vi) Benchmark models
0.2

3b(vi)1,2


0.2

3b(vi)1,2


0.5, W,C

3b(vi)1,2


0.5, W,C

3b(vi)1,2


0.5, W,C

3b(vi)1,2


1.0, W,C

3b(vi)1,2


1.0, W,C

3b(vi)1,2



Topic 3c: Integrated Discharge Evolution










(i) Develop the formalism to provide the integration between the core and the edge plasma regions
0.2

3c(i)1-7
0.2

3c(i)1-7
0.2

3c(i)1-7
1.0, W,C

3c(i)1-7
2.0, W,C

3c(i)1-7
2.0, W,C

3c(i)1-7
2.0, W,C

3c(i)1-7

(ii) Provide the modules necessary to simulate the tokamak plasma control system
0.2
0.2
0.2
1.0, W
1.0, W
1.0, W


(iii) Provide the tokamak simulation code platform
1.0

3c(iii)1,2,3
1.0

3c(iii)1,2,3
1.0

3c(iii)1,2,3
1.0, W,C

3c(iii)1,2,3
1.0, W,C

3c(iii)1,2,3
1.0, W,C

3c(iii)1,2,3
1.0, W,C

3c(iii)1,2,3

Code to entries:

The first number in each entry is the man-power as a fraction of a scientist’s time; this is a very crude estimate which will be refined following the response to a Call for Interest.

The second letter indicates the level of computing power required according to the following key: W=workstation, C=parallel cluster, P=large-scale parallel computing requirements

The third number (or group of numbers) indicates a reference number for a proposal that has already been made related to the task.

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Integration of non-linear physics in theory-based models for core transport modelling
Proposer’s name and institute: 

Clemente Angioni (IPP-Garching)


Proposal Number:

3a(ii)1

Email address:

Clemente.Angioni@ipp.mpg.de

Collaborators on project (names and institutes): 

Frank Jenko and Arthur Peeters (IPP-Garching)

Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

A strong limitation of present theory-based transport models is that they mainly rely on quasi-linear physics. The so-called dispersion type models compute the transport coefficients by solving a dispersion relation obtained on the basis of a set of linearised fluid equations. Popular examples of these kind of models are the Weiland model (included in MMM95) and the GLF23 model.

The saturation amplitude of the fluctuating electrostatic potential is determined on the basis of relatively simple mixing length rules, which, at least for GLF23, match gyrofluid (and recently gyrokinetc) non-linear simulations, but in specific (ITG dominated) conditions.

The goal of this proposal is to start a work of comparison between the (quasi-)linear predictions of transport and the results of  turbulence simulations, as a function of different parameters.
Such a comparison will point out where the linear descriptions are lacking and if recipes (eventually still within quasi-linear theory) can be found in order to obtain better agreement between linear estimates and non-linear gyrokinetic results (including both ITG and TEM turbulence).  Examples of relatively short-term goals are to compare linear and non-linear thresholds, to identify the adequate range in the wave length spectrum in the linear estimate (is the linearly fastest growing mode the most appropriate ?), to identify the correct scaling of the saturation amplitude, and of the effect of zonal flows. The long-term goal is to produce a theory-based transport model which is still fast for routine core transport modelling, but which agrees with non-linear results.


Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers) 
The integration is of the highest importance and indeed challenging. Here the main point is to integrate the non-linear gyrokinetic results in a quasi-linear model to properly describe core transport. 
Previous attempts in this direction (integration of linear and non-linear results in the IFS – PPPL model) as well as the present theoretical knowledge in the field of core transport indicate that this project of integration is feasible.

Code development:

(provide an indication of level of new code development and/or extension of existing codes)

Computational tools to start this work are already available: codes describing ITG / TEM turbulence in different Institutes. Particularly at IPP Garching : GENE (F. Jenko) : non-linear electromagnetic gyrokinetc code for ITG/TEM turbulence.  [Linear gyrokinetic calculations can be performed with the GS2 code].
The most successful completion of this work is the development of a new transport model systematically validated against non-linear gyrokinetic results. 

Computational power required:



Estimate of time-scale to completion:

1 scientist-year for short-term goals, some years for final goal

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Integrating improved modules into ASTRA
Proposer’s name and institute: 

G.V. Pereverzev (IPP-Garching)


Proposal Number:

3a(ii)2

Email address:

Pereverzev@ipp.mpg.de

Collaborators on project (names and institutes): 

E. Poli (IPP-Garching): TORBEAM

A.G. Peeters (IPP-Garching): NEOART

R. Dux (IPP-Garching) and O.V. Zolotukhin (ITER JWS’ Garching): STRAHL

M. Brambilla, R. Bilato (IPP-Garching): TORIC



Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

To provide improved modules for ECRH and CD (based on the TORBEAM code), ICRH (based on the TORIC code) neoclassical transport evaluation (based on the NEOART code) and impurity transport (based on the STRAHL code). These will be integrated into the ASTRA code.

Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers) 
Integration of existing codes will be required. Provides physics integration across a range of disciplines.

Code development:

(provide an indication of level of new code development and/or extension of existing codes)

The codes exist, but some additional work will be required to perform the integration

Computational power required:

The code could likely run on a workstation, but would benefit from having access to a cluster.

Estimate of time-scale to completion:

1 scientist-year

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: New modules for transport codes and discharge evolution
Proposer’s name and institute: 

Lilia Popova (IMI, BAS)

Proposal Number:

3a(ii)3

Email address:

Lpopova@math.bas.bg

Collaborators on project (names and institutes): 

To be decided



Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

Expected achievements: accurate  simulation of  plasma behavior  in  present Tokamak  experiments,

Examination of the complex nature of plasma transport in the  core  and ‘blobby’ transport  in the SOL. Estimation of the parameters for a control of plasma  discharges with acceptable energy losses.  To provide predictions for appropriate ITER scenarios. 

The basis will be: 

Creation of physical models and make corresponding modules for simulation of processes in ‘black body’ conditions of  plasma in the core accounting for the  wide scale of the  physical  parameters in  correspondence with   the engineering conditions of present and future tokamaks..

Involvement of a  new module  for  simulation of  escaping radiation from the thin plasma in the scrape off layer, and  for calculation of the energy losses.

Special modules will be made for simulation of the  effective collisions in plasma facing surfaces

Implementation of these modules in existing codes for the plasma  core and the scrape off layer. Coupling of improved codes and  running a new one well adapted to all  explored conditions.

Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers) 
Integration across accelerator and fusion nuclear physics , coupling of  codes 



Code development:

(provide an indication of level of new code development and/or extension of existing codes)

A new code will be made using approved modules 



Computational power required:

Parallel processing

Estimate of time-scale to completion:

3 scientist-years

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Standardise formats for the interchange of data between edge codes.
Proposer’s name and institute: 

David Coster (IPP-Garching)


Proposal Number:

3b(ii)1

Email address:

David.Coster@ipp.mpg.de

Collaborators on project (names and institutes): 

Xavier Bonnin (CEA); Detlev Reiter, Andreas Kirschner (IPP-Juelich); Seppo Sipilä (Finland); Wojtek Fundamenski, Gerard Corrigan (UKAEA) 



Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

Standardise formats for the interchange of data between edge codes.

· Equilibrium

· Grids

· Plasma state

· Data interchange from plasma codes to Monte-Carlo codes

· Data interchange from Monte-Carlo codes to plasma codes

· Coupling to additional codes 

· PSI processes, atomic cross-sections, ADAS database


Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers) 
The choice and establishment of commonly agreed upon and shared format for input and output files of codes addressing neighbouring and complementary tokamak physics issues is essential, both from the point of speeding up the integration of the codes across the physics they address, and from the point of view of efficient and meaningful benchmarking between families of codes addressing like topics.



Code development:

(provide an indication of level of new code development and/or extension of existing codes)

Creation of some standard input/output modules to be shared with a wide variety of code and code platforms, should be done in concordance with the Code Platform Project and Data Coordination Project 



Computational power required:

Hours on a single CPU

Estimate of time-scale to completion:

2 Scientist years

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Extraction and preparation of modules for edge transport codes
Proposer’s name and institute: 

David Coster (IPP-Garching)


Proposal Number:

3b(ii)2

Email address:

David.Coster@ipp.mpg.de

Collaborators on project (names and institutes): 

Reiter (Juelich), Corrigan (UKAEA), Tskhakaya (Austria)



Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

To extract from existing edge codes modules:

·  Boundary conditions

·  Atomic physics

·  Surface physics

·  Transport physics

·  To prepare new, better modules of the same type (e.g. better sheath models).

·  These modules could be used in, for example, edge turbulence codes. 



Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers) 


Code development:

(provide an indication of level of new code development and/or extension of existing codes)



Computational power required:



Estimate of time-scale to completion:



EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Improvement of treatment of test ions in Eirene
Proposer’s name and institute: 

David Coster (IPP-Garching)


Proposal Number:

3b(ii)3

Email address:

David.Coster@ipp.mpg.de

Collaborators on project (names and institutes): 

D Reiter (IPP-Juelich), X Bonnin (CEA)



Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

Improvement of treatment of test ions in Eirene

· Possibly use for (primitive) plasma simulation of regions outside the B2 grid

· Add drifts to test ion trajectories

· Compute and pass back perpendicular momentum sources and sinks

· Inclusion of dust grains as very heavy, very charged test ions or as a brand new particle type, with appropriate interactions with other plasma species and plasma-facing surfaces



Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers) 


Code development:

(provide an indication of level of new code development and/or extension of existing codes)

Changes to include new physics effects in the test ion treatment, dust grain as new particle type of special case of test ions



Computational power required:

Hours on a single CPU

Estimate of time-scale to completion:

2 scientist years

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Incorporation of advanced transport models into boundary layer codes (e.g. TECXY)

Proposer’s name and institute: 

Roman Zagórski, Institute of Plasma Physics and Laser Microfusion, Warsaw, Poland
Proposal number:
3b(ii)4



Email address: 

zagorski @ifpilm.waw.pl



Collaborators on project (names and institutes):

R.Stankiewicz (Institute of Plasma Physics and Laser Microfusion, Warsaw, Poland)
H.Gerhauser, M.Tokar, D.Kalupin, D.Reiser (Institute of Plasma Physics, Juelich, Germany)



Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

Development of modules to calculate transport coefficients in the boundary layer (closed and open field lines) and their incorporation into existing boundary layer codes (e.g. TECXY). These should include different models of turbulent transport (linear models: ITG, DTE, DA, DRB instabilities treated in the frame of mixing length approximation, as well as parameterisation of the results of turbulent transport from 3D codes). Inclusion of non-diffusive transport processes (e.g blobby transport) into boundary layer codes.

Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers)

 Development of transport packages to be used in different edge and core transport codes. Integration of physical models across different plasma regions and plasma parameter ranges.

Code development:

(provide an indication of level of new code development and/or extension of existing codes)

Some computational tools to begin this work already exist: TECXY code describing edge transport, one-dimensional codes describing turbulent transport across flux surfaces (RITM). Works were started on developing effective algorithms to couple turbulence models with transport codes (in COREDIV code).



Computational power required:

Hours on single CPU

Estimate of time-scale to completion:

2-3 years, 2 scientists per year

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: "Boundary Conditions for Edge Plasma Fluid Codes"
Proposer’s name and institute: 

Mladen Stanojevic, University of Ljubljana


Proposal Number:

3b(ii)5

Email address:

mladen.stanojevic@lecad.uni-lj.si 

Collaborators on project (names and institutes): 

N Jelic, A Kendl, S Kuhn, D Tskhakaya (U. Innsbruck); D Coster, R Schneider (IPP); V Parail (JET), X Bonnin (CEA); J Duhovnik, T Kolsek, J Krek (U. Ljubljana) 



Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

- Reviewing the existing theoretical models used in the boundary conditions (BCs)

- Reviewing the existing implementation of the BC models

- Improvements of the theoretical models

- Implementation of kinetic effects, such as parallel-flux limiters, non-Maxwellian velocity 

  distribution effects, secondary-particle-emission effects, etc.

- Implementation of the existing and improved BC models in the existing codes

- Interpretative and predictive scenarios of current and future experiments



Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers) 
Integration of the theoretical models, PIC/kinetic simulations, fluid and turbulence codes

Code development:

(provide an indication of level of new code development and/or extension of existing codes)

BC modules for the existing codes

Standardised format according to ITM TF recommendations


Computational power required:

Workstation

Estimate of time-scale to completion:

6 scientific person-years

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Edge particle fuelling inside the LCFS
Proposer’s name and institute: 

Henri Weissen (CRPP)


Proposal Number:

3b(iii)1

Email address:

henri.weissen@epfl.ch

Collaborators on project (names and institutes): 

To be decided

Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)
Motivation

The penetration of cold neutrals into the core of a tokamak plasma (especially large ones like JET and ITER) is generally accepted to be too shallow to make a measurable contribution to the density gradients in the core. Particle penetration calculations using transport codes like Eirene and KN1D confirm this. This is also supported by experimental evidence: The peaking of the density profiles depends on parameters like the peaking of the current profile (in L-mode) or the collisionality (H-mode), not however on the average density (which determines the penetration depths) nor the main plasma (and fuel) ions (H isotopes versus He. He is much less likely than H to produce energetic charge exchange neutrals just inside the LCFS, which may penetrate further inward.) 

Nonetheless there are persistent claims that density peaking in present tokamaks, even JET, may to a significant part be due to edge fuelled neutrals which may find their way into the bulk of the discharge in significant numbers via CX chains. Although I do not personally support these views, they should be dealt with in the modelling community in order to achieve consensus at this very basic level. The exercise should compare existing codes and validate them technically and experimentally (as far as possible). Although it may seem as a waste of time to the convinced as far as the bulk fuelling controversy goes, I believe that it will be very useful for modelling the density profiles in the edge and pedestal region, i.e. over the lengths scales of neutral penetration, where I believe they really matter.

I’m intentionally limiting this to inside the LCFS, although I’m aware that the fuelling is inextricably SOL dependent…

Needs

Cross-check of existing neutral transport codes on same input data.

Consistent way of dealing with free parameters (absolute value of edge flux)

Integrate He ionisation pathways into codes if not already available

Integration of reactions with incompletely stripped impurities

Benchmarking with experiments: 

· absolute neutral particle CX flux from NPA analysers

· comparison with & without NBI, when NBI source is well known

· comparison with high resolution H, Lyman- etc measurements (if available)

(Integration into radial particle balance equation : that’s one level up)

Targets

Assemble code experts and experimenters, by end 2004, agree on scope of work.

Complete coordinated source calculations for few selected discharges with existing codes by summer 2005

Complete experimental comparisons (NPA and radiation) for selected discharges in same time frame.

Integrate He, impurities into codes?

Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers) 
Benchmarking will require input from experiment. Probably we’ll find data from existing experiments, it’s a matter of agreeing on what to model. NPA data should exist on several devices. High resolution radiation profiles may be available from existing machines too. If not, TCV is commissioning Lyman- tomography system and has high resolution tangential filtered cameras for H- light. It cannot be guaranteed that these systems produce useful data before one year however.

Code development:

(provide an indication of level of new code development and/or extension of existing codes)



Computational power required:



Estimate of time-scale to completion:

Coordination: ~1 scientist-year

Code experts: ~1 scientist-year

Experimenters: relatively small, but important, input



EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Further development of wall models
Proposer’s name and institute: 

David Coster (IPP-Garching)


Proposal Number:

3b(iv)1

Email address:

David.Coster@ipp.mpg.de

Collaborators on project (names and institutes): 

X Bonnin (CEA); D Reiter (IPP-Juelich), R. Schneider, K. Matyash,  M. Warrier (IPP-Greifswald); 

A Kukushkin (ITER)



Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)
· 0d and 1d thermal transport in plates

· state of wall with respect to erosion/deposition

· H/D/T inventory

· Time-dependent history of surface state, wall element temperature and inventory

· Discriminate between hard and soft re-deposited films

· Inclusion of dust grain formation and migration

· Consider parasitic plasma creation in sheltered areas



Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers) 
Interface between plasma SOL codes, sheath physics, PSI physics and materials physics

Code development:

(provide an indication of level of new code development and/or extension of existing codes)

Changes to B2.5 and PSIC code packages to further extend preliminary wall treatment in B2.5-Eirene

Computational power required:

Hours on a single CPU

Estimate of time-scale to completion:

2 Scientist years

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Kinetic (PIC) modelling of tokamak edge plasmas

Proposer’s name and institute: 

David Tskhakaya, University of Innsbruck


Proposal Number:

3b(iv)2

Email address:

David.Tskhakaya@uibk.ac.at


Collaborators on project (names and institutes): 

S Kuhn, N Jelic, A Kendl (U. Innsbruck); D Coster, R Schneider (IPP); V Parail (JET); X Bonnin (CEA), M Stanojevic, J Duhovnik, T Kolsek, J Krek (U. Ljubljana)



Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

- Reviewing the capabilities and improving the existing PIC codes (e.g., BITx, XOOPIC, "Bergmann-Matyash-Schneider" code, etc.) with a view to simulating tokamak edge plasmas

- Inclusion of recycling and impurity effects in kinetic models

- Creation of modules computing flux limiters for use in fluid codes according to kinetic calculations (in particular for ELMs).

- Modified boundary conditions for fluid codes according to kinetic results in the presence of drifts and multi-species plasmas.

- Modules of sink/source calculations for pellet fuelling.

Some of these objectives can be reached with 1d3v simulations, but others would require 2d3v capabilities, with 3d3v as a long-term objective.



Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers) 
Integration of the theoretical models, PIC/kinetic simulations, fluid and turbulence codes

Code development:

(provide an indication of level of new code development and/or extension of existing codes)

BC, pellet fuelling, flux limiters modules for the existing codes

Standardized format according to ITM TF recommendations


Computational power required:

1d3v: workstation,.2d3v: cluster, 3d3v: parallel computer

Estimate of time-scale to completion:

10 scientific person-years

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Standardisation of interfaces to linear MHD codes 
Proposer’s name and institute: 

David Coster (IPP-Garching)


Proposal Number:

3b(v)1

Email address:

David.Coster@ipp.mpg.de

Collaborators on project (names and institutes): 

Fundamenski, Corrigan (UKAEA)



Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

To standardise the interface between the edge codes and linear stability codes in a way that is also compatible with the core transport codes. 



Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers) 


Code development:

(provide an indication of level of new code development and/or extension of existing codes)



Computational power required:



Estimate of time-scale to completion:



EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Use of MDSPLUS for edge physics
Proposer’s name and institute: 

David Coster (IPP-Garching)


Proposal Number:

3b(vi)1

Email address:

David.Coster@ipp.mpg.de

Collaborators on project (names and institutes): 

A Kallenbach (IPP-Garching); G Corrigan (Culham) 



Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

Standardisation of MDSPLUS trees for edge codes

· Specification of equilibrium

· Specification of grids

· Specification of plasma state

· Specification of agreed-upon standard PSI and A&M data tables?

Development of Tools to use MDSPLUS

· Grid generators

· Carre

· GRID2D

· UEDGE

· Changes to plasma codes to use the grids

· Development of post-processors to use MDSPLUS saved plasma states 



Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers) 
MDSPLUS is a standard database facility for tokamak experiments, thus making the modelling codes MDSPLUS-compatible simplifies comparison to experiment and also benchmarking between codes (separately, between themselves, and with experiments).

Code development:

(provide an indication of level of new code development and/or extension of existing codes)

Additions of MDSPLUS input/output modules to all codes

Computational power required:

Hours on a single CPU, establishment and maintenance of one centralized  EU TF-ITM MDSPLUS server (with mirrors across Associations whenever possible)



Estimate of time-scale to completion:

2 scientist years

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Edge code benchmarking
Proposer’s name and institute: 

David Coster (IPP-Garching)


Proposal Number:

3b(vi)2

Email address:

David.Coster@ipp.mpg.de

Collaborators on project (names and institutes): 

Chankin (IPP-Garching); Bonnin (CEA); Corrigan, Matthews (UKAEA)



Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

To benchmark the two widely used edge simulation codes: EDGE2D-Nimbus and SOLPS (B2-EIRENE)

· Pure D cases, without drifts

· Pure D case, with drifts

· With impurities, without drifts

· With impurities, with drifts

Parts are already under way, parts are yet to be launched.  Documentation procedures have yet to be determined.



Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers) 


Code development:

(provide an indication of level of new code development and/or extension of existing codes)



Computational power required:

Hours on a single CPU



Estimate of time-scale to completion:

2 scientist years

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Standardisation of Edge/Core Coupling 
Proposer’s name and institute: 

David Coster (IPP-Garching)


Proposal Number:

3c(i)1

Email address:

David.Coster@ipp.mpg.de

Collaborators on project (names and institutes): 

Bonnin (CEA); Kuhn et al (Austria); Corrigan (UKAEA); Pereverzev (IPP-Garching)



Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

Standardise the interface between edge and core plasma codes

·  Quantities in each direction

·  Geometry

·  Time-scales 



Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers) 
This work is the essential link between edge plasma and core plasma code packages. The idea envisioned is to be able to couple such two kinds of codes through either a loose coupling via input/output files of an agreed format, and/or a strong coupling procedure with data being passed directly across codes with a meta-code calling them in sequence.

Code development:

(provide an indication of level of new code development and/or extension of existing codes)

Changes to code structure to allow loose and/or strong code coupling, and development of the necessary data structures. Special care must be taken to make sure that the codes are really solving the same equations so that the physical meaning of the quantities passed across is well understood and useful.



Computational power required:

Hours on a single CPU

Estimate of time-scale to completion:

5 scientist years

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Extension of B2.5 into the core
Proposer’s name and institute: 

David Coster (IPP-Garching)


Proposal Number:

3c(i)2

Email address:

David.Coster@ipp.mpg.de

Collaborators on project (names and institutes): 

C Konz (IPP-Garching); X Bonnin (CEA); Kuhn et al (Austria)



Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

Extension of B2.5 into the core

· Incorporation of modules for 

· Sources (NBI, RF, etc)

· Drifts/Neoclassical transition

· 1-d extensions of equations in core (e.g. potential)

· Continuation of effort to implement adaptive-mesh coarsening in core region for B2.5 (SOLPS6.0) 



Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers) 
· Same code and same equations (with varying source terms) to cover both plasma core and plasma edge domains

· Implication of other codes to produce the source/sink data for the B2.5 runs



Code development:

(provide an indication of level of new code development and/or extension of existing codes)

Changes to SOLPS6.0 version to include all new physics since Sept. 2002 already introduced in B2.5, generalization of source packages for B2.5, creation of modules from other codes to create the necessary source/sink data



Computational power required:

Hours on a single CPU

Estimate of time-scale to completion:

2 scientist-years, at least 1 man-year effort just to have SOLPS6.0 catch up with SOLPS5.0!



EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Development of a modelling module for edge transport barrier 

Proposer’s name and institute: 

M.Tokar, IPP, Forschungszentrum Jülich, Germany
Proposal number:
3c(i)3

Email address:

m.tokar@fz-juelich.de

Collaborators on project (names and institutes):

D.Kalupin, X.Loozen, IPP, Forschungszentrum Jülich, Germany

Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

Development of a module for 1-D modelling of the edge transport barrier region, which can be coupled with codes simulating core and scrape-of layer plasma.  

As an input a transport model based on a linear approximation including two large classes of unstable drift modes: (i) ion temperature gradient (ITG) + trapped particle (TE) and (ii) drift Alfven (DA) + drift resistive (DR) + drift resistive ballooning (DRB), and transport coefficients estimated in improved mixing length approximation will be used. For the first class of instabilities, a Weiland model can be applied, for the second one, e.g., an approach being under development now in Jülich for finding of eigenfunctions for unstable modes with all three mechanisms, DA, DR and DRB, combined. 

As boundary conditions the module will use the heat and particle fluxes at the interface with core region modelled, e.g., by JETTO, and e-folding lengths at separatrix found from 2-D simulations of SOL done, e.g., by EDGE2D code, and provide as output the values of the temperature and  density at both interfaces 

    

Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers)

Proposal is aimed on integration both of different codes and of transport physics in different plasma regions 

Code development:

(provide an indication of level of new code development and/or extension of existing codes)

Reliable numerical approaches used in code RITM for the coherent modelling of the barrier and core regions, will be used. 

Computational power required:

Linux computer, e.g.,  of JAC cluster on JET

Estimate of time-scale to completion:

2-3 years

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Development of self-consistent core-edge codes 

Proposer’s name and institute: 

Roman Zagórski 

Institute of Plasma Physics and Laser Microfusion, Warsaw, Poland
Proposal number:

3c(i)4



Email address: 

zagorski @ifpilm.waw.pl



Collaborators on project (names and institutes):

R.Stankiewicz (Institute of Plasma Physics and Laser Microfusion, Warsaw, Poland)
H.Gerhauser, M.Tokar, D.Kalupin, D.Reiser (Institute of Plasma Physics, Juelich, Germany)



Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

The aim of the project is to develop integrated core-edge codes to be able to describe the mutual interaction of plasma transport in the core and boundary region of the tokamak. The work will be performed along two different lines. 

1) Further extension of the COREDIV code being able at the moment to describe self-consistently the tokamak-reactor plasma in the frame of 1D multifluid transport in the core and 2D slab mutltifluid transport in the SOL. The SOL transport will be extended to include drifts and curvilinear geometry as well as coupling with Monte Carlo codes for neutral transport. 

The model of the code will be changed to be able to follow the real discharge evolution (at the moment only steady state solutions are possible, and an equation for the magnetic field is missing).

2) An effective coupling algorithm will be developed to connect sophisticated core (RITM) and edge (TECXY) codes. The aim is to construct an effective tool to analyse plasma transport in TEXTOR tokamak and benchmark different modelling assumptions used in the code against experimental data. 

The experience gained on both lines of investigation could be directly utilised in developing a Tokamak Discharge Evolution Code. 

Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers)

 Integration will appear on all levels. Integration of different physical models, integration of codes, as well as integration of theory and experiment.

Code development:

(provide an indication of level of new code development and/or extension of existing codes)

The basic numerical tools are to a large extent already prepared. The code COREDIV exists and is steadily developing. Work on coupling TECXY and RITM codes has already been started. 



Computational power required:

Tens of hours on single CPU

Estimate of time-scale to completion:

2-3 years, 2 scientists per year

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Extension of TECXY code to divertor geometry 

Proposer’s name and institute: 

Roman Zagórski 

Institute of Plasma Physics and Laser Microfusion, Warsaw, Poland
Proposal number:

3c(i)5



Email address: 

zagorski @ifpilm.waw.pl



Collaborators on project (names and institutes):

H.Gerhauser (Institute of Plasma Physics, Juelich, Germany)

R.Schneider (IPP, Greifswald)

Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

The aim of the project is to extend the 2D boundary layer code TECXY to divertor geometry. The TECXY code proved to be a useful tool to analyse plasma transport in limiter tokamaks (TEXTOR, Tore-Supra, FTU). The code is based on Braginski equations in 2D dimensions and incorporates self-consistently drifts and radial electric field in the tokamak boundary layer composed of closed and open field lines. The code is restricted to limiter geometry and some work has to be done to extend it to a divertor situation. Most of the work is connected with numerics and changing of organisation of the code in order to account for the extension of the integration domain to the divertor legs and private flux region. However, some work on changing the neutral model is also required.

Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers)

 The work requires integration of different physical models as well as integration of codes.

Code development:

(provide an indication of level of new code development and/or extension of existing codes)

Some of the new modules exist but must be incorporated into the TECXY code. 



Computational power required:

Hours on single CPU

Estimate of time-scale to completion:

1-2 years, 1 scientist per year

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Core-edge coupling
Proposer’s name and institute: 

Lilia Popova (IMI, BAS)
Proposal number:

3c(i)6



Email address: 

Lpopova@math.bas.bg


Collaborators on project (names and institutes):

To be decided

Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

Expected achievements: To develop thermodynamic description of stable transition of plasma from the core into the SOL and conditions for external control of pedestal characteristics in future tokamak experiments (ITER).

Investigation of the impact of engineering factors on:

 a)    the physical parameters of plasma in the core , at the edge and in the SOL

b) the transport of plasma from the core to the SOL

c) formation of internal barriers and pedestal

To provide computer simulation for verification of different models for the mechanism of  plasma transport from the core into the SOL for different pedestal plasma characteristics.   



Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers)

Integration of thermodynamics and fusion nuclear physics; coupling of codes for plasma transport in the core and in the SOL

Code development:

(provide an indication of level of new code development and/or extension of existing codes)

New code for 1/ 2D modelling of core , pedestal and SOL  plasma

Computational power required:

Parallel processing

Estimate of time-scale to completion:

3 scientist years

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: "Integrated Tokamak Modelling and Simulation (ITMS) Based on Existing Core and SOL Codes"

Proposer’s name and institute: 

Nikola Jelic, Department of Theoretical Physics, University of Innsbruck
Proposal Number:

3c(i)7

Email address:

Nikola.jelic@uibk.ac.at

Collaborators on project (names and institutes): 

G Eibl, S Kuhn, D Tskhakaya, A Kendl (U. Innsbruck), D Coster, R Schneider, G Pereverzev (IPP), V Parail (JET), X Bonnin (CEA), M. Stanojevic (U. Ljubljana) 

Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

-Extension of B2.5 into the core
-Incorporation of the modules for 

       Sources (NBI, RF, etc)

       Impurity transport

       ELMs

       Transport phenomena

-Continuation of efforts to implement mesh adaptation for core region and time-dependent   phenomena (e.g. ELMs), for B2.5 (SOLPS6.0)



Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers) 

Integration with respect to

-Same codes and same equations (with varying source terms) to cover both plasma core and plasma edge domains

-implication of other codes to produce the source/sink data for the B2.5 runs

-implication of newly developed boundary conditions (from “Boundary conditions for edge plasma fluid codes” project proposed by M Stanojevic from Ljubljana)

-implications of turbulence models in the core and the sheath

Code development:

(provide an indication of level of new code development and/or extension of existing codes)

Changes to SOLPS6.0 version to include all new physics since Sept 2002 already introduced in B2.5, generalization of the source packages for B2.5, creation of modules from other codes to create the necessary source/sink data

Standardized format according to TF recommendations 


Computational power required:

Workstation

Estimate of time-scale to completion:

6 scientific Person Years at least 1 man-year effort just to have SOLPS6.0 catch up with SOLPS5.0!

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Defining standards for interfacing transport codes

Proposer’s name and institute: 

G.V. Pereverzev (IPP-Garching)
Proposal Number:

3c(iii)1

Email address:

Pereverzev@ipp.mpg.de

Collaborators on project (names and institutes): 

To be decided

Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

Common interfaces allow easy replacement of different stand-alone modules, sharing modules between different transport codes.

Eventually, it should remove differences between existing transport codes.


Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers)  

· Interface standardization will drastically simplify comparison of existing modules and verification of new ones.

· There is not so many different types of external modules required for a transport codes.  

· Therefore, a limited number of interfaces has to be specified:

· Equilibrium solver

· Transport module (neoclassical and anomalous)

· Sources and sinks (heating and CD, pellets, radiation, ...)

· Boundary conditions 

· Minority species (impurities, fast particles, etc)

· Stability analysis codes

· Standardizing input and output

Post-run tools (graphics, post-run processing and analysis)

Code development:

(provide an indication of level of new code development and/or extension of existing codes)



Computational power required:



Estimate of time-scale to completion:

1 scientist year.

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: Creating a modular, tunable transport code easily adjustable for solving diverse modelling tasks

Proposer’s name and institute: 

G.V. Pereverzev (IPP-Garching)
Proposal Number:

3c(iii)2

Email address:

Pereverzev@ipp.mpg.de

Collaborators on project (names and institutes): 

To be decided

Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

· Creating a modular transport code with 

· User friendly interface  (GUI)

· Easy replaceable modules

· Access to DB

· Developed graphical interface

· Different optional levels of accuracy/speed should be available

· Fast (possibly, interactive) evaluator.

· Thorough tokamak simulator

· Prerequisites for such a code are

· Integrating tool (automatic module replacement 

Prototype: ASTRA compiler

· Independence of participating codes (shared memory interaction)

· Transport code with a free boundary equilibrium

Prototypes: DINA, TSC, ASTRA (version 6)

· Final goal should be creating a real time tokamak forecasting

· Increasing computer power and discharge characteristic times should allow real time predictive simulation of the ITER discharge.

· Creation of a tunable multi-parameter, multi code conglomeration requires new approaches to code integration (code builder).


Prototype: ASTRA/ESC.



Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers)  

Code development:

(provide an indication of level of new code development and/or extension of existing codes)



Computational power required:



Estimate of time-scale to completion:

3-5 scientist years. Cannot be accomplished if a dedicated team is not created.

EU Integrated Tokamak Modelling Task Force Work Proposal

Proposal Title: TOKAMAK DISCHARGE EVOLUTION CODE

Proposer’s name and institute: 

Vincent Basiuk, Gerardo Giruzzi, Association Euratom-CEA, Jo Lister, Association CRPP-EPFL, Lausanne, Switzerland
Proposal Number:
3c(iii)3

Email address

basiuk@drfc.cad.cea.fr, Jo.Lister@epfl.ch, giruzzi@drfc.cad.cea.fr

Collaborators on project (names and institutes):

J.F. Artaud, F. Imbeaux, M. Schneider, G. Huysmans, L.G. Erikson, Association Euratom-CEA

F. Albajar, Universitat Politecnica de Catalunya, Barcelona, Spain

Objectives of proposal:

(provide details of what is expected to be achieved, the physics basis and output and the significance for ITER)

The objective of this proposal concerns mainly the transport and discharge evolution integrated project. The main point is to achieve fully self-consistent simulations of a tokamak plasma, with  heat, density, current and rotation transport.  To this end, we propose :

1. to use and extend the already existing  computation platform CRONOS. The extension of CRONOS will be made in the spirit of the task force: combining independent modules, which at last can be used easily in the future platform defined by the task force. 

2. to use and extend the already existing  computation platform DINA (which works with SIMULINK)

3. to take advantage of the strong points of CRONOS (realistic source codes, high modularity) and of DINA (free boundary equilibrium code + feedback control) to achieve a new platform CRONOS/DINA

Level of integration:

(integration can occur on three levels: integration across physics fields, integration of codes, integration of theory/experiment/numerical modellers)

 To achieve this task the following requirements should be fulfilled (all the integration are already in progress, or being on the point of starting)

· Integration of source codes (heat, density, current, rotation):

· Integration of CRONOS and DINA (end of 2004)

· Integration of the toolbox PSITBX (written by Dr. J.M. Moret) 

· Development of a synchrotron radiation code and its implantation inside CRONOS (code EXATEC)

· Integration of edge and core physics through, for instance, the matter flux at the scrape off layer deduced from an edge code and used to solve the density equation in CRONOS.

Code development:

(provide an indication of level of new code development and/or extension of existing codes)

There is some code extensions :

· Rotation equation in CRONOS (end of 2004)

· Quasi linear operator in the  code SPOT (end of 2004)

· General Fokker Planck (which is the proposal project of D. Yves Peysson, end of 2007)

Computational power required:

The computational power required is significant but reasonable. The CRONOS code works on a PC under LINUX, or a work station (under UNIX). For an ITER case, with a prescribed density profile, it takes one day CPU on a work station (200 s of plasma, heat and current diffusion, simple sources) The DINA code simulates 200 seconds of ITER plasma in 200 minutes on a PC under LINUX, and also runs under Windows XP

Estimate of time-scale to completion:

5 years 

